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METHODS OF MANUFACTURE FOR A LOW CONTROL 

VOLTAGE SWITCH 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application is a divisional application of U.S. Patent Application 
Serial No. 10/391,259 which claims the priority of U.S. Provisional Patent Application 
Serial No. 60/410647, filed on September 13, 2002, which is herein incorporated in its 
entirety by reference. 

FIELD OF INVENTION 

The present invention relates generally to switch devices, and more particularly to 
solid-state switch devices. 

BACKGROUND OF THE INVENTION 

Conventional switch devices operate to control the path on which a signal travels. 
In general, there are two basic types of switch devices in use: electromechanical and solid 
state. All switches are considered active devices, in that some sort of power supply is 
required in order to function properly. In electromechanical switches, a contact is 
provided that physically changes position during the switching process. Solid-state 
switches do not contain any moving parts and instead use some kind of semiconductor 
device for the switching process, which are basically either diodes or transistors. In 
general, diode switches sense current as a control input while switches comprised of 
transistors sense voltages as control inputs. One example of a transistor-based switch is 
comprised of a plurality of field effect transistors (FETs). FET switches are generally 
known to be utilized in connection with high frequency signal transmission, for example, 
radio frequency (RF). 

In general, a FET switch is in an ON state (very low resistance) allowing any 
signal to pass from the drain to the source of the FET until a control voltage of a 
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predefined amount (pinch-off voltage) is applied to the gate of the FET. When the pinch- 
off voltage is applied, the FET switches to an OFF state (very high resistance) and 
prevents any signal passing from the drain to the source of the FET. The advantage of 
FET switch is that the control voltage applied to the gate of the FET draws very little 
current, consuming no power in performing the switching function. 

A major drawback of FET switches is that in the OFF state, a signal that one may 
desire to prevent from passing through the FET from the drain to the source applies a 
voltage at the drain of the FET. This voltage travels through the FET to the gate and adds 
to the control voltage input. As this voltage becomes greater than the control voltage, the 
OFF state FET begins to turn ON as shown in the Figure la. 

In many of today's product designs, it is often desirable to require a lower control 
voltage for operation of a switch. For example, it may be beneficial to lower the control 
voltage of the switch having the exemplary characteristics of Fig. 1 from 5 volts to 2 
volts while maintaining control over the same RF voltage. However, in order to reduce 
the control voltage of a switch, the RF voltage must be divided across additional FETs 
connected in series, as is shown in Figure lb. 

The configuration illustrated in Figure lb reduces the control voltage needed, but 
increases the resistance in the ON state. To overcome this added resistance, each FET is 
made larger and thus an increase in die size for the switch is required. This size increase, 
however, introduces many new problems in the switch, including: 

1. The switch costs more, requiring more semiconductor material to 
manufacture. 

2. The switch has poorer isolation, providing less resistance in the OFF state. 

3. The switch has greater leakage in the control line, requiring more power to 
control the switch 

Accordingly, there is a need for an improved switch that can control a current 
output at lower control voltages, while providing the optimum balance of insertion loss, 
isolation, maximum power handling, harmonic generation suppression, and leakage 
current in the control signal. 
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SUMMARY OF THE INVENTION 

The present invention is directed to an apparatus, methods and articles of 
manufacture for a low control voltage switch. In one embodiment, the switch utilizes a 
plurality of field effect transistors (FETs) having a total of six gates to allow the switch to 
operate at a low control voltage without the need to increase device periphery or die size. 
The switch may include a single-gate FET architecture, a multi-gate FET architecture, or 
a mixed gate architecture, as long as the switch includes a total of six gates. The 
apparatus may utilize a plurality of parallel switches that are each connected to the same 
source voltage. 

According to an exemplary embodiment of the invention, a switch also includes 
feed-forward capacitors. The feed-forward capacitors reduce signal distortion and 
improve the linearity and harmonic noise rejection characteristics of the FETs within the 
switch and thus lowers the harmonics of the switch. According to one embodiment, the 
switch includes two feed-forward capacitors. A first capacitor is connected between the 
gate and source of an uppermost FET and the second capacitor is connected between gate 
and drain of a lowermost FET. 

According to another exemplary embodiment of the invention, a switch also 
includes a gate resistance topology connected between the gates and a control voltage. 
The gate resistance topology is used to minimize the effects of leakage current and reduce 
the resistor voltage drop for process points where FET diode leakage is an issue. 

According to still another exemplary embodiment of the invention, a switch also 
includes a bypass resistance topology coupled across the FETs so as to be in parallel with 
each of the FETs. The bypass resistance topology is used to sharpen the control voltage 
of the switch. According to one embodiment, the bypass resistance topology includes a 
resistive element coupled across the entire switch (all of the FETs). According to one 
embodiment, a separate resistive element is coupled across each FET. 
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These and other features and embodiments of the invention will be more fully 
understood from the following detailed description that should be read in light of the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and form a part of the 
specification, illustrate the exemplary embodiments of the present invention and, together 
with the description serve to explain the principles of the invention. 

In the drawings: 

FIG. la is an exemplary embodiment illustrating the operation of a prior art FET; 
FIG. lb is another exemplary embodiment illustrating the operation of a prior art 

FET; 

FIG. 2 illustrates an exemplary schematic diagram of a six-gate switch, according 
to one embodiment of the present invention; 

FIG. 3 illustrates an exemplary schematic diagram of a six-gate switch, according 
to one embodiment of the present invention; 

FIG. 4 illustrates an exemplary schematic diagram of a switch having feed- 
forward capacitors, according to one embodiment of the present invention; 

FIG. 5a illustrates an exemplary schematic diagram of a switch having a gate 
resistance topology, according to one embodiment of the present invention; 

FIG. 5b illustrates an exemplary schematic diagram of a switch having a gate 
resistance topology, according to one embodiment of the present invention; 

FIG. 5c illustrates an exemplary schematic diagram of a switch having a gate 
resistance topology, according to one embodiment of the present invention; 

FIG. 5d illustrates an exemplary schematic diagram of a switch having a gate 
resistance topology, according to one embodiment of the present invention; 
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FIG. 5e illustrates an exemplary schematic diagram of a switch having a gate 
resistance topology, according to one embodiment of the present invention; 

FIG. 5f illustrates an exemplary schematic diagram of a switch having a gate 
resistance topology, according to one embodiment of the present invention; 

FIG. 6a illustrates an exemplary schematic diagram of a switch having a bypass 
resistance topology, according to one embodiment of the present invention; 

FIG. 6b illustrates an exemplary schematic diagram of a switch having a bypass 
resistance topology, according to one embodiment of the present invention; 

FIG. 6c illustrates an exemplary schematic diagram of a switch having a bypass 
resistance topology, according to one embodiment of the present invention; 

FIG. 6d illustrates an exemplary schematic diagram of a switch having a bypass 
resistance topology, according to one embodiment of the present invention; 

FIG. 7 illustrates an exemplary schematic diagram of a device having multiple 
switches in parallel, according to one embodiment of the present invention; 

FIG. 8 illustrates an exemplary schematic diagram of a device having multiple 
switches in parallel, according to one embodiment of the present invention; 

FIG. 9 illustrates an exemplary chip layout design having a plurality of switches, 
according to one embodiment of the present invention; 

FIG. 10 illustrates an exemplary chip layout design having a plurality of switches, 
according to one embodiment of the present invention; and 

FIG. 1 1 illustrates an exemplary chip layout design having a plurality of switches, 
according to one embodiment of the present invention. 

DETAILED DESCRIPTION 

Fig. 2 illustrates an exemplary schematic diagram of one embodiment of a switch 
100 of the present invention. As illustrated, the switch 100 includes six field effect 
transistors (FETs) 110, 115, 120, 125, 130, and 135 connected together in series. Each 
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FET has a source 110S-135S, a gate 110G-135G, and a drain 110D-135D. The drain of 
one FET is connected to the source of the next FET (i.e., drain 1 lOD is connected to 
source 1 15S). The source 1 lOS of the first FET 1 10 is connected to a source voltage 
input 142 that provides a source voltage for the switch 100. Each of the gates llOG- 
135G is coupled together and connected to a control voltage input 145 that provides a 
control voltage. The drain DSD of the sixth FET 135 is connected to an output 150 that 
will provide the current to a load. The use of six FETs, having six gates, allows the 
switch 100 operate at a low control voltage without the need to increase device periphery 
or die size. 

The switch 100 is not limited to single gate FETs as illustrated in the exemplary 
embodiment of Fig. 2. Rather, the FETs utilized in the switch 100 can have any number 
of gates as long as the total number of gates equals six. For example, the switch 100 can 
utilize three dual gate FETs or two tri-gate FETS. In fact, the switch could utilize a 
mixed gate architecture where the FETs within the switch have different number of gates. 
For example, the switch could include three FETS, one having three gates, one having 
two gates and one having a single gate. As one of ordinary skill in the art would 
recognize there are multiple combinations of FETs that can be used to generate a switch 
having a total of six gates that would be within the scope of the current invention. 

Fig. 3 illustrates an exemplary schematic diagram of a switch 200, according to 
one embodiment of the current invention. The switch 200 includes six gates 210-235 that 
are clearly identified. However, the individual FETs that form the six gates are not 
identified as there are multiple different variations of FETs that can form the six gates. A 
first (uppermost or top) source 205 is connected to a source voltage input 242, each of the 
gates 210-235 is coupled together and connected to a control voltage input 245, and a last 
(lowermost or bottom) drain 240 is connected to an output 250. 

Fig. 4 illustrates an exemplary schematic diagram of a switch 300, according to 
one embodiment of the present invention. The switch 300 is identical to the switch 200 
with the addition of feed-forward capacitors 370, 380. The feed-forward capacitors 370, 
380 are used to reduce signal distortion and improve the linearity and harmonic noise 
rejection characteristics of a FET. As illustrated, the switch 300 includes a first feed- 
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forward capacitor 370 coupled between the uppermost source 305 and the gate 310 and a 
second feed-forward capacitor 380 coupled between the lowermost drain 340 and the gate 
335. 

As one of ordinary skill in the art would recognize, the feed-forward capacitors 
370, 380 may include a capacitor bottom metal layer, a dielectric layer formed on the 
bottom layer, and a capacitor top metal layer formed on the dielectric layer. According to 
one embodiment, at least a portion of the top metal layer of the first feed forward 
capacitor 370 acts as the uppermost source 305, while at least a portion of the top metal 
layer of the second feed forward capacitor 380 acts as the lowermost drain 340. At least 
a portion of the gate 310 and at least a portion of gate 335 are connected to at least a 
portion of the capacitor bottom metal layer of the first capacitor 370 and the second 
capacitor 380 respectively. 

According to one embodiment, the source and drain of each FET include fingers 
and the gates are located between the source fingers and the drain fingers. According to 
one embodiment, the gates are serpentine gates that wind between the source and drain 
fingers and are connected to the capacitor bottom metal layer (of the source or drain 
accordingly) at various points. Preferably the serpentine gates are connected to the 
capacitor bottom metal layer symmetrically. According to another embodiment, the gates 
of the FETs are buss gates that are directly connected to the capacitor bottom metal layer 
and protrude between source and drain fingers respectively. As one of ordinary skill in 
the art would recognize, there are other gate structures that are now known or are later 
discovered that would fall within the scope of the current invention. In multi gate FETs, 
the FETs may have a plurality of serpentine gates, a plurality of buss gates, a plurality of 
other gate types, or a combination thereof. 

Fig. 4 illustrated an exemplary use of two feed-forward capacitors, one between 
the uppermost source and gate and one between the lowermost drain and gate, however, 
the invention is in no way intended to be limited thereto. Rather, other embodiments of 
the current invention could include more or less feed-forward capacitors, and the 
capacitors could be coupled to different FETs without departing from the scope of the 
current invention. For example, one embodiment could include in addition to the two 
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feed forward capacitors of switch 300 a third feed-forward capacitor coupled between 
gate 325 and the associated source (or drain). Another embodiment, could include two 
feed-forward capacitors, one coupled between gate 315 and the associated source and one 
coupled between gate 330 and the associated drain. 

Fig. 5a illustrates an exemplary schematic diagram of a switch 400, according to 
one embodiment of the current invention. The switch 400 is identical to the switch 200 
with the addition of a gate resistance topology 470. The gate resistance topology 470 is 
used to minimize the effects of leakage current and reduce the resistor voltage drop for 
process points where FET diode leakage is an issue. As illustrated, the gate resistance 
topology 470 is connected between each gate and the control voltage input 445, however, 
the current invention is not limited thereto. The gate resistance topology 470 could be 
coupled between only specific gates and the control voltage input 445 without departing 
from the scope of the current invention. 

In a theoretical FET switch, no current flows (leaks) from the control voltage 
source to the gate of the FET or through the FET. However, in practice there is current 
leakage that flows from the control voltage source to the gate of FET and through the 
FET. Placing resistance (gate resistance topology) in the path between the control 
voltage source and the FET will limit the amount of leakage. As one skilled in the art 
would recognize, the higher the resistance placed in the path the lower the current. 
However, the higher the resistance the higher the voltage drop as well. Too much of a 
voltage drop could reduce the source control voltage to the point where the voltage 
applied to the gate is less than the pinch-off voltage needed to operate the switch. One of 
ordinary skill in the art of switch design would recognize how to balance the reduction of 
current and the voltage drop in such a way a to maximize the performance of the switch. 
There are numerous implementations of a gate resistance topology that fall within the 
scope of the current invention; some exemplary embodiments are disclosed herein. 

Fig. 5b illustrates an exemplary schematic diagram of a switch 401, according to 
one embodiment of the current invention. The switch 401 is identical to switch 400, with 
the exception that resistors (first resistors) 472-482 act as the gate resistance topology 
470 and are connected between each gate 410-435 and the control voltage input 445. 
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Each of the resistors 472-482 is in parallel with each other. The resistors 472-482 are 
illustrated as single resistors, however they are not limited thereto. Rather as one of 
ordinary skill in the art would recognize, the resistors 472-482 could include a plurality 
of resistors in series, could be any other type of resistive element, or could be a 
combination of same or different resistive types in series with one another without 
departing from the scope of the current invention. 

According to one embodiment, each of the first resistors 472-482 has the same 
value and thus reduces the leakage current for each FET the same. However, as each 
FET does not necessarily have the same characteristics and each path from a FET to the 
control voltage input may not be the same, it is possible that the value of the resistors 
472-482 will vary. One of ordinary skill in the art of switch design would know how to 
design the switch to take in account differences that may require different valued resistors 
472-482. 

Fig. 5c illustrates an exemplary schematic diagram of a switch 402, according to 
one embodiment of the current invention. The switch 402 is identical to the switch 401, 
with the exception that a second resistor 484 is included in series with each of the first 
resistors 472-482. As previously discussed it should be noted that while all of the 
resistors of switch 402 are illustrated as single resistors, they are not limited thereto. 
Rather as one of ordinary skill in the art would recognize, each resistor could include a 
plurality of resistors in series, could be any other type of resistive element, or could be a 
combination of same or different resistive types in series with one another without 
departing from the scope of the current invention. 

The addition of the second resistor 484 increases the overall resistance between 
control voltage input 445 and each of the gates 410-435 and thus reduces the control 
current applied to the gate. This type of embodiment may be used when it is not practical 
or beneficial to increase the value of each of the first resistors 472-482. However, the 
addition of the extra resistor adds an additional voltage drop point and thus an additional 
leakage process point. The addition of the additional leakage process point reduces the 
process stability of the switch as leakage through the resistor 484 could flow through 
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each FET as that point is connected to all gates. As one of ordinary skill in the art would 
recognize, there is a tradeoff between lower leakage current and process stability. 

Fig. 5d illustrates an exemplary schematic diagram of switch 403, according to 
one embodiment of the present invention. The switch 403 is identical to the switch 401, 
with the exception that a plurality of second resistors 486-490 are included, each second 
resistor in series with a successive pair of first resistors (i.e., second resistor 486 in series 
with first resistors 472, 474). Each of the second resistors 486-490 is in parallel with 
each other. Moreover, each first resistor/second resistor path (i.e., 472/486) is in parallel 
with each other. As previously discussed it should be noted that while all of the resistors 
of switch 403 are illustrated as single resistors, they are not limited thereto. As with the 
embodiment of Fig. 5c, this type of embodiment may be used when it is not practical or 
beneficial to increase the value of each of the first resistors 472-482. The addition of the 
extra resistors 486-490 adds additional voltage drop points and thus an additional leakage 
process points. However, each additional leakage process point is only connected to two 
FETs so that any leakage through one of the second resistors 486-490 would only be 
promulgated to two FETs. Thus, this embodiment is more process stable than the 
embodiment illustrated in Fig. 5c. As one of ordinary skill in the art would recognize, 
there is a tradeoff between lower leakage current and process stability. 

As previously discussed with respect to the first resistors 472-482, the second 
resistors 486-490 could all have the same resistance values, but are not limited thereto. 
Moreover, each series combination of first and second resistors (i.e., first resistor 472, 
second resistor 486 series resistance path) may have the same resistance value but are not 
limited thereto. One of ordinary skill in the art of switch design would recognize how to 
select the values of the resistors. 

Fig. 5e illustrates an exemplary schematic diagram of switch 404, according to 
one embodiment of the present invention. The switch 404 includes the same gates 410- 
435, and the same source voltage input 442 and output 450 connections as all of the 
previously discussed embodiments of switches 400-403. The switch 404 also includes 
first resistors 472, 482, a plurality of second resistors 491-494, and a third resistor 495 in 
series with each of the second resistors 491-494. Each of the second resistors 491-494 is 
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in parallel with each other, and the first resistors 472, 482 are in parallel with each of the 
second/third resistor paths (i.e., 491/495). As previously discussed it should be noted that 
while all of the resistors of switch 404 are illustrated as single resistors, they are not 
limited thereto. Furthermore, as previously discussed, the second resistors 491-494 could 
all have the same resistance values, but are not limited thereto. One of ordinary skill in 
the art of switch design would recognize how to select the values of the resistors. 

The addition of the third resistor 495 to the second resistors 491-494 increase the 
resistance and thus reduces the leakage current for each of the gates 415-430. Utilizing 
resistors in series to increase the resistance is preferable when it is not practical or 
beneficial to increase the value of a single resistor. The addition of the third resistor 495 
adds an additional voltage drop point and thus an additional leakage process point. The 
addition of the additional leakage process point reduces the process stability of the switch 
as leakage through the resistor 495 could flow through each FET connected thereto 410- 
430. As one of ordinary skill in the art would recognize, there is a tradeoff between 
lower leakage current and process stability. 

According to one embodiment, the first resistors 472, 482 and the second resistors 
491-494 have the same, or substantially the same, resistance values and the third resistor 
495 increases the resistance and reduces the leakage current to the gates connected 
thereto (gates 410-430). One skilled in the art would understand the reasons why it 
would be desirable or beneficial to reduce the leakage current on certain FETs more than 
other FETs (as illustrated the inner FETS would have less leakage current than the 
uppermost and lowermost FETs). 

According to one embodiment, the combination of second and third resistors (i.e., 
491/495) have the same, or substantially the same, resistance values as the first resistors 
472, 482. With each FET having the same, or substantially the same, resistance path the 
reduction in leakage should be the same, or substantially the same, for each FET. The 
middle FETs obtain their leakage reduction with the use of resistors in series, while the 
uppermost and lowermost FETs utilize a single resistor to obtain the leakage reduction. 
One skilled in the art would understand the reasons why it would be desirable or 
beneficial to reduce the leakage current on certain FETs using a single resistor and other 



-PHILl:3617317.vl 



11 



Tyco Docket No.l7942A 



FETS using multiple resistors in series (as illustrated the inner FETS use two resistors in 
series and the uppermost and lowermost FETs use a single resistor). 

Fig. 5f illustrates an exemplary schematic diagram of switch 406, according to 
one embodiment of the present invention. The switch 406 is identical to the switch 404 
with the exception that the third resistor 495 is replaced with two third resistors 496, 497. 
Each third resistor 496, 497 is coupled in series with each of two successive second 
resistors 491/492, 493/494 respectively. The resistors of switch 406 are illustrated as 
single resistors but are not limited thereto. The third resistors 496, 497 may have the 
same resistance value but are not limited thereto. Each third resistor 496, 497 adds an 
additional voltage drop point and potential leakage process point. However, each 
additional leakage process point is only connected to two FETs so that any leakage 
through one of the third resistors 496, 497 would only be promulgated to two FETs. 
Thus, this embodiment is more stable than the embodiment illustrated in Fig. 5e. As one 
of ordinary skill in the art would recognize, there is a tradeoff between lower leakage 
current and process stability. 

Figs. 5b-5f represent examples of embodiments of the gate resistance topology 
that could be utilized in the low control voltage switch of the current invention, and in no 
way should be construed to limit the invention thereby. Rather, as one of ordinary skill in 
the art would recognize there are numerous gate resistance topologies that would be well 
within the scope of the current invention. 

Fig. 6a illustrates an exemplary schematic diagram of a switch 500, according to 
one embodiment of the present invention. The switch 500 includes a total of six gates 
510-535, a first source 505 is connected to a source voltage input 542, and a last drain 
540 is connected to an output 550. The switch 500 also includes a bypass resistance 
topology 560 coupled between the source voltage input 542 (first source 505) and the 
output 550 (last drain 540) so as to be coupled across (in parallel to) each of the FETs. 

As discussed above, a theoretical (ideal) switch provides no output until the 
pinch-off voltage is attained. However, in practice the switch does not have a precise 
turn on time and instead starts to turn on prior to the pinch-off voltage being applied (see 
1130 of Fig. 1). The use of the bypass resistance topology 560 in parallel to the FETs 
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increases the precision timing of the switch activation (i.e., sharpen the control voltage). 
The bypass resistance topology 560 provides a known resistive path between the source 
voltage input 542 and the output 550 (in parallel to the FETs). The bypass resistance 
topology 560 has a resistance that is less than the resistance of the FETs in an OFF state 
(theoretically infinite) but more that the FETs in an ON state. The selection of the 
resistance in this range allows the bypass resistance topology 560 to control the flow of 
current. 

When the switch is in an OFF state, the bypass resistance topology 560 produces 
a known current flow (in effect a known leakage current) through that path. As the 
control voltage is increased towards the pinch-off voltage, the resistance of the FET starts 
to be reduced. This reduction in resistance of the FET would normally lead to increased 
leakage current or partial switch activation prior to the pinch-off current being reached. 
However, the bypass resistance topology 560 limits (and ideally prevents) the current 
from flowing through the FETs until a point when the resistance of the FETs is less that 
the resistance of the bypass resistance topology 560. In effect, the bypass resistance 
topology 560 is limiting (or preventing) current from flowing through the FETs until the 
FETs are closer to reaching the pinch-off voltage and turning ON. Thus, the bypass 
resistance topology 560 increases the precision timing of switch activation by sharpening 
the control voltage. 

As illustrated, the bypass resistance topology 560 is coupled between the source 
voltage input 542 and the output so as to be in parallel with all of the FETs, however, the 
invention is not intended to be limited thereto. Rather, there are numerous 
implementations of a bypass resistance topology that fall within the scope of the current 
invention. Figs. 6b-6d that follow will illustrate several exemplary embodiments. 

Fig. 6b illustrates an exemplary schematic diagram of a switch 502, according to 
one embodiment of the current invention. The switch 502 is identical to switch 500 with 
the exception that a resistor 562 (acts as the bypass resistance topology) is coupled in 
parallel to all the FETs (gates 510-535) from the source voltage input 542 (first source 
505) to the output 550 (last drain 540). The resistor 562 is illustrated as a single resistor, 
however it is not limited thereto. Rather as one of ordinary skill in the art would 



-PHILl:3617317.vl 



13 



Tyco Docket No.l7942A 



recognize, the resistor 562 could include a plurality of resistors in series, could be any 
other type of resistive element, or could be a combination of same or different resistive 
types in series with one another without departing from the scope of the current 
invention. 

As previously discussed, the resistor 562 (bypass resistance topology) limits the 
output (current) of the switch prior to the control voltage reaching the pinch-off value. 
The use of the resistor 562 focuses the increase of precision activation timing on the 
whole switch 502 instead of the individual FETs making up the switch (linearity is not an 
issue). One preferred implementation of the exemplary embodiment of Fig. 6b is for 
devices that do not require high linearity from switches utilized therein. Since the 
linearity of the switch, and each of the FETs that make up the switch, is not a critical 
issue one bypass resistor can be used to sharpen the control voltage of the overall switch 
502. Another preferred implementation of this embodiment is for devices that require 
high power switches that will output a relatively large current once the switch is 
activated. The use of a relatively large resistor 562 will limit (and ideally prevent) the 
switch from outputting a large current until the control voltage reaches the pinch-off 
value and each of the FETs and the switch 502 is activated. 

Accordingly, the exemplary switch 502 can be used in devices where a high 
power output may be desired, such as GSM devices. However, the use of the switch 502 
in a particular device or for a particular application is based on more than just the type of 
bypass resistance topology that is used. The use of the switch also depends on other 
factures, including but not limited to, the characteristics of the FETs, the number of 
FETs, and the source voltage supplied. Thus, as one skilled in the art would recognize, 
the switch 502 is not limited to high power devices and can be used in any now known or 
later discovered device where a solid-state switch is required, such as high frequency 
signal transmission systems, including but not limited toWireless LAN, Bluetooth, 
CDMA, TDMA, GSM and W-CDMA. 

Fig. 6c illustrates an exemplary schematic diagram of a switch 504, according to 
one embodiment of the current invention. The switch 504 is identical to the switch 500 
of Fig. 6a with the exception that switch 504 includes a plurality of resistors 564-574 
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(bypass resistance topology), with one resistor coupled across (in parallel to) each FET. 
The resistors 564-574 are illustrated as single resistors, however they are not limited 
thereto. Rather as one of ordinary skill in the art would recognize, the resistors 564-574 
could include a plurality of resistors in series, could be any other type of resistive 
element, or could be a combination of same or different resistive types in series with one 
another without departing from the scope of the current invention. The use of the resistors 
564-574 for each single-gate FET focuses the increase of precision activation timing on 
each individual FET included in the switch (high linearity). 

In one preferred embodiment, each of the FETs of the switch 504 has the same or 
substantially the same performance characteristics, so that they theoretically function in 
the same manner (identical characteristics, such as activation timing and leakage). As 
one skilled in the art would recognize, however, in reality each FET will likely have 
slightly different characteristics due to different variables, including the processing of the 
chip. However, these differences of characteristics are normally relatively small or 
negligible and cannot be accounted for prior to processing. Thus, according to one 
embodiment of the invention, each resistor 564-574 has the same resistance value so as to 
maintain linearity between each of the FETs. 

However, it should be understood that embodiments are not limited to resistors 
564-574 having the same value. In some embodiments it may be desirable or necessary 
to utilize different valued resistors. For example, if the characteristics of the FETs where 
not the same, for some reason, the bypass resistors could be selected so as to increase the 
linearity of the different FETs. Potential reasons for the FETs having different 
characteristics may include the location of the FET on the chip, the processing of the 
chip, the design of the switch, the distance from the source voltage or control voltage, 
other devices (i.e., feed-forward capacitors) connected to the FET, or inherent resistance 
in the board. For example, if it was known that a FET produced on a certain location of 
the chip had slightly different characteristics, a different value resistor may be used to 
reduce or eliminate the differences and maintain linearity. Another example may be that 
the path between a certain source and drain had a different resistance value due to, for 
example, length of path so that more or less resistance could be used to account for the 
difference. As one of ordinary skill in the art would recognize there are multiple 
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scenarios that could cause a switch designer to use varying value resistors in the design of 
switches utilizing bypass resistors in the manner captured by the embodiment of Fig. 6c. 

One preferred implementation of the exemplary embodiment of Fig. 6c is for 
devices that require high linearity from switches utilized therein. Since the linearity of 
the switch, and each of the FETs that make up the switch, is important, individual 
resistors coupled across (in parallel to) each FET assist in decreasing (and ideally 
removing) the differences in performance (activation timing) of each of the individual 
FETs by increasing the precision timing of the activation of each FET (switch turn on) 
and thus the linearity of the switch 504. Another preferred implementation of this 
embodiment is for devices that require low power switches that will output a relatively 
low current once the switch is activated. As the power produced by the switch is lower, 
use of relatively small resistors 564-574 can increase the precision timing of each FET 
and the switch 504, so as to limit (and ideally prevent) the output of a low powered 
switch (low output current) until the control voltage reaches the pinch-off level and each 
of the FETs and the switch 504 is activated. 

Accordingly, the exemplary switch 504 can be used for devices where low power 
is desired, such as CDMA devices. However, the use of the switch 504 in a particular 
device or for a particular application is based on more than just the type of bypass 
resistance topology that is used. The use of the switch also depends on other factures, 
including but not limited to, the characteristics of the FETs, the number of FETs, and the 
source voltage supplied. Thus, as one skilled in the art would recognize, the switch 504 
is not limited to low power devices and can be used in any now known or later 
discovered device where a solid-state switch is required, such as high frequency signal 
transmission systems including Wireless LAN, Bluetooth, CDMA, TDMA, GSM and W- 
CDMA. 

Fig. 6d illustrates an exemplary schematic diagram of a switch 506, according to 
one embodiment of the current invention. The switch 506 is identical to the switch 504 
of Fig. 6c with the exception that switch 506 includes a plurality of resistors 576-580 
(bypass resistance topology), with one resistor coupled across (in parallel to) each FET. 
As illustrated, the switch 506 has three dual-gate FETs with one resistor coupled across 
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each dual-gate FET of the switch 506. It should be noted that the invention is not limited 
to the illustrated three dual-gate FETs, as previously discussed other embodiments of the 
current invention may include switches having any number of FETs having a total of six 
gates. Rather, this embodiment is illustrating that a resistor may be coupled in parallel to 
each multi-gate FET of a switch. 

The resistors 576-580 are illustrated as single resistors, however they are not 
limited thereto. Rather as one of ordinary skill in the art would recognize, the resistors 
576-580 could include a plurality of resistors in series, could be any other type of 
resistive element, or could be a combination of same or different resistive types in series 
with one another without departing from the scope of the current invention. As 
mentioned above the resistors 576-580 may have the same values but are not limited 
thereto. The embodiment of Fig. 6d can be used in the same devices or for the same 
applications as those mentioned above with respect to Fig. 6c. However, utilizing multi- 
gate FETs will allow this embodiment to have a smaller die size then the embodiment 
illustrated in Fig. 6c. 

Figs. 6a-6d illustrated various exemplary embodiments of resistors used as a 
bypass path to sharpen the control voltage of the switch and increase the precise timing of 
the switch activation. All of the embodiments illustrated in these figures have a parallel 
path for either each FET or the entire series of FETs making up the switch. The 
invention is in no way intended to be limited thereto. Rather any combination of resistors 
can be used on any combination of FETs without departing from the scope of the current 
invention. For example, a resistor may be used as a bypass path for any subset of 
successive FETs used in the switch (i.e., single resistor coupled in parallel to FETs 
having gates 515-530), or resistors may to used as a bypass path for any combination of 
FETs used in the switch (i.e., a first resistor in parallel to FETs having gates 515 and 520, 
and a second resistor in parallel to FET having gate 535). 

Figs. 4, 5a-f and 6a-d illustrate the independent addition of feed-forward 
capacitors (370, 380 in Fig. 4), gate resistance topology (i.e., 470 in Fig. 5), and bypass 
resistance topology (i.e., 560 in Fig. 6) respectively to six gate switches. However, this is 
in no way intended to limit the scope of the invention. For example, feed-forward 
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capacitors (any embodiment thereof), gate resistance topology (any embodiment thereof), 
and bypass resistance topology (any embodiment thereof) may be added to a six-gate 
switch in any combination. As one skilled in the art would recognize, there are a 
plurality of combinations that would be well within the scope of the present invention. 
Each different embodiment potentially being used in a different device or for a different 
purpose. 

As previously discussed, FET switches are often utilized in communication 
devices, and are the preferred type of switch for high frequency signal transmission 
systems, such as Wireless LAN, Bluetooth, CDMA, TDMA, GSM and W-CDMA. Most 
high frequency signal transmission devices are continuing to get smaller while at the 
same time adding additional functions. Utilizing various embodiments of the current 
invention at the same time can produce an enhanced switch that does not require 
additional device periphery or die size (and preferably would reduce the die size). For 
example, utilizing a bypass resistance topology, feed-forward capacitors, a gate resistance 
topology and six-gates as discussed with respect to various embodiments of the current 
invention would produce a switch that had a low control voltage, sharpened control 
voltage (more precise activation timing) and less harmonics on the output. The function 
of the switch, such as whether the switch is high poweror low power or other variations 
that would be known to those of ordinary skill in the art, dictates the precise design of the 
switch. As one skilled in the art knows the precise design of the chip includes, amongst 
other things, number, type and size of FETs, location of FETs and other periphery, 
bypass resistance topology, and gate resistance topology. 

As one skilled in the art knows, different conmiunication devices utilize different 
standards. Each of the standards may operate at different frequencies and/or using 
different protocols to transmit data. Each of the different communication standards 
therefore requires different characteristics out of the switches used in communication 
devices utilizing that standard. For example with respect to the GSM communication 
standard, linearity refers to maximum power handling without distortion,. In contract, 
with the CDMA conmiunication standard, linearity refers to minimizing distortion of two 
low power signals traveling simultaneously in the same arm of a switch without 
generating any intermodulation distortion. 
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Fig. 7 illustrates an exemplary schematic diagram of a device 600, such as a GSM 
device, which provides for maximum power handling without distortion. The device 600 
includes a plurality of switches 610(i.n). Each of the switches 610 is in parallel with each 
other and is connected to same source voltage 620. Each switch 610 includes FETs 
having a total of six gates (single, multi or mixed gate FETs), a first feed-forward 
capacitor 630 connected to a first gate and an uppermost source, a second feed-forward 
capacitor 640 connected to a sixth gate and a lowermost drain, a single bypass resistor 
650, and a single gate resistor (gate resistance topology) coupled between each gate and a 
control voltage 660. Each switch 610 is provided with its own control voltage 660 (or 
connects to the same control voltage via a separate controllable path) and produces its 
own output 670. The utilization of a single bypass resistor 650 indicates that the switches 
are high power switches, as single bypass resistors are utilized to sharpen the control 
voltage and increase the activation efficiency of high-powered switches (see previous 
disclosure related to Fig. 6b). 

As one of ordinary skill in the art would recognize, there are multiple other 
embodiments of switches that could be used in devices requiring high power switches 
that would be well within the scope of the current invention. For example, different gate 
resistor topologies could be used. Furthermore, the devices are not limited to the 
illustrated configuration where all of the switches are in parallel and are connected to the 
same control source. For example, the plurality of switches could be connected to the 
same control voltage source, or the plurality of switches could be connected to separate 
source voltage sources. 

Fig. 8 illustrates an exemplary schematic diagram of a device 700, such as CDMA 
device, requiring low power. The device 700 includes a plurality of switches 710(i.n). 
Each of the switches 710 is in parallel with each other and is connected to same source 
voltage 720. Each switch 710 includes a plurality of FETs (illustrated as single gate 
FETs), a first feed-forward capacitor 730 connected to a first gate and an uppermost 
source, a second feed-forward capacitor 740 connected to a sixth gate and a lowermost 
drain, a bypass resistor coupled across each FET, and a single resistor (gate resistance 
topology) coupled between each gate and a control voltage 750. Each switch 710 is 
provided with its own control voltage 750 and produces its own output 760, The 
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utilization of a single bypass resistor for each FET provides that the switches are high 
linearity switches, as single bypass resistors are utilized to sharpen the control voltage 
and increase the activation efficiency of each individual FET within the switch (see 
previous disclosure related to Fig. 6c and 5d). 

As one of ordinary skill in the art would recognize, there are multiple other 
embodiments of switches that could be used in devices requiring high linearity switches 
that would be well within the scope of the current invention. For example, different gate 
resistor topologies could be used or multi-gate FETs could be used. Furthermore, the 
devices are not limited to the illustrated configuration where all of the switches are in 
parallel and are connected to the same control source. For example, the plurality of 
switches could be connected to the same control voltage source or each or the plurality of 
switches could be connected to separate source voltage sources. 

Fig. 7 illustrates a device requiring high power switches and Fig. 8 illustrates a 
device requiring high linearity switches. As illustrated, the devices 600, 700 used a 
plurality of identical switches 610(i-n), 710(i.n). The invention should not be construed to 
be limited thereby. The devices 600, 700 could utilize a variety of different type of 
switches as long as the switch fit the purpose of the device. For example, a device 
requiring three high power switches could utilize a first high-power switch having single 
gate FETS and a single resistor in parallel from a gate of each FET to a control voltage 
source (i.e., as illustrated in the exemplary switch 401 of Fig. 5b), a second high-power 
switch utilizing dual gate FETs and a single resistor in parallel from the gate of each FET 
to the control voltage source (i.e., switch 401), and a third high-power switch having dual 
gate FETs and a plurality of resisters in parallel from the gate of each FET to the control 
voltage source (i.e., as illustrated in exemplary switches 402, 403 of Figs. 5c-5d). 

Furthermore, the invention is not limited to devices (such as devices 600, 700) 
that require only one type of switch (i.e., high power, low power). Rather, as one skilled 
in the art would recognize a device could have multiple different types of switches 
without departing from the scope of the current invention. For example, a device may 
have both high power and lower switches contained therein. 
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Fig. 9 illustrates an exemplary chip layout of a device 800 utilizing switches, 
according to one embodiment of the current invention. As illustrated, the device 800 has 
four parallel sections 802, 804, 806, 808. Each section utilizes 3 dual gate FETs to 
produce a six-gate switch. The source voltage 810 connects to a source of a first FET of 
each switch. The specific chip layout of the third switch 806 will now be described, with 
each other switch 802, 804, 808 having an identical layout. 

The source of a first FET 820 is the top capacitor metal layer of a first feed- 
forward capacitor (or at least a portion of the top capacitor metal layer) as described 
previously. Dual gates wind between the source and the drain of the first FET 820. The 
gates (or at least a portion of the gates) of the first FET are connected to the lower 
capacitor metal layer (or at least a portion of the lower capacitor metal layer) of the first 
feed-forward capacitor. The drain of the first FET 820 is connected to a source of a 
second FET 830. Dual gates wind between the source and the drain of the second FET 
830. The drain of the second FET 830 is connected to a source of a third FET 840. Dual 
gates wind between the source and the drain of the third FET 840. The drain of the third 
FET 840 is the top capacitor metal layer of a second feed-forward capacitor (or at least a 
portion of the top capacitor metal layer). The gates (or at least a portion of the gates) of 
the third FET 840 are connected to the lower capacitor metal layer (or at least a portion of 
the lower capacitor metal layer) of the second feed-forward capacitor. 

The drain of the third FET 840 is connected to the output 850. Each of the gates 
of each FET 820, 830, 840 is connected to a control voltage 860 via a single resistive 
path 870. The combination of each single resistive path 870 makes up the gate resistance 
topology (corresponding to exemplary schematic of switch 401 illustrated in Fig. 5b). A 
single resistive path 880 connects the source of the first FET 820 to the drain of the last 
FET 840. The single resistive path 880 is the bypass resistance topology (corresponding 
to exemplary schematic of switch 502 illustrated in Fig. 6b) ,whichresults in a high power 
switch. As previously discussed, this type of switch is likely utilized in (but is not limited 
to) high power communication devices, such as GSM devices,. 

Fig. 10 illustrates an exemplary chip layout of a device 900 utilizing switches, 
according to one embodiment of the current invention. As illustrated, the device 900 has 
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two parallel sections 910, 920. Each section utilizes three FETs 930, 940, 950 having a 
mixed gate architecture. The first FET 930 has two gates and two resistive paths 960 
connected from the gates of the first FET 930 to the control voltage 970. The second 
FET 940 has three gates and three resistive paths 960 connected from the gates of the 
second FET 940 to the control voltage 970. The third FET 950 has one gate and one 
resistive path 960 connected from the gate of the third FET 950 to the control voltage 
970. There is a single bypass resistor 980 that connects the source of the first FET 930 
and the drain of the third FET 950 (corresponding to exemplary schematic of switch 502 
illustrated in Fig. 6b), whichindicates the switch as being a high power switch. As 
previously discussed, this type of switch is likely utilized in (but is not Umited to) high 
power communication devices, such as GSM devices, 

Fig. 11 illustrates an exemplary chip layout of a device 1000 utilizing switches, 
according to one embodiment of the current invention. As illustrated, the device 1000 
has three parallel sections 1010, 1020, 1030. Each section utiHzes three dual-gate FETs 
1040, 1050, 1060. A bypass resistor 1070, 1080, 1090 is coupled across each dual gate 
FET 1040, 1050, 1060 respectively. The three bypass resistors 1070-1090 make up the 
bypass resistance topology (corresponding to exemplary schematic of switch 506 
illustrated in Fig. 6d) and indicates that the switch is a high linearity switch. As 
previously discussed, this type of switch is likely utilized in (but is not limited to) 
communication devices, such as CDMA devices, where low power can be utilized. 

Although this invention has been illustrated by reference to specific embodiments, 
it will be apparent to those skilled in the art that various changes and modifications may 
be made which clearly fall within the scope of the invention. For example, while FETs 
are described in relation to the various embodiments, it should be understood that other 
transistor types, such as an HBT transistor as an example, as well as other suitable types 
of devices may be utilized where desired. The invention is intended to be protected 
broadly within the spirit and scope of the appended claims. 
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